Mitochondria isolated from both 2 and 24 C grown winter wheat (Tridcum aestivum L.) undergo spontaneous swelling in isomolar KCI solutions, but only 24 C mitochondria exhibit a substrate-induced contraction response. Electron microscopic examination revealed that 24 C mitochondria have more dearly dermed cristse, less matrix materid, and are generally more electron-dense than 2 C mitochondria. During swelling, the matrix materal of both 2 and 24 C mitochondrin expands and the mitochondria become less electron-dense. After partial swelling, 24 C mitochondria contract upon addition of succinate, and regain structural characteristics similar to those of untreated mitochondria. In contrast, mitochondrin from 2 C seedlings continue to swell after addition of substrate, and many of the mitochondria become irregular in shape and lose much of their matrix material. A comparison of results obtained from absorbancy measurements, electron microscopy, and a Coulter Counter indicate that swelling and contraction involve changes both in over-all volume, and internal structunl characteristics of mitochondris from 2 and 24 C grown seedlings. Electron microscopic examination of shoot cels showed that mitochondria in 24 C grown seedlings possessed more recognizable cristae and greater internal organization than mitochondria in 2 C seedlings.
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Isolated plant mitochondria undergo energy-independent, passive swelling in isomolar salt or monosaccharide solutions due to the influx of an osmoticant and water (6, 8, 9, 11, 13) . Energy-dependent contraction of spontaneously swollen plant mitochondria also has been observed in the presence of certain oxidizable substrates (9, 11, 12) or ATP (11) . Recent studies (9) have shown that mitochondria isolated from 24 C grown winter cereal seedlings exhibit passive swelling and substrate-induced contraction, but that swollen mitochondria from 2 C grown seedlings were unable to contract. These conclusions were based on changes in light-scattering by the terized by a change in cristae size and matrix density. Type III mitochondria also exhibit an over-all increase in total volume during swelling. It was observed also that different types of mitochondria are characteristic of the cell type from which they are isolated (4). These observations suggest that differences in swelling and contraction responses of mitochondria from various plants may be attributable to the specific type of mitochondria in the tissue being examined.
The present study was undertaken to determine if the differences in swelling and contraction responses of mitochondria isolated from 2 and 24 C grown cereal seedlings is associated with the development of morphologically distinct types of mitochondria during growth under the two temperature regimes.
MATERIALS AND METHODS Seed of Kharkov 22 C winter wheat (Triticum aestivum L.) was grown on moist filter paper in dark for 24 hr at 24 C and then at 2 C day (16 hr)/-2 C night for 4 weeks, or continuously at 24 C for 2 days when seedling shoots from both growth conditions were approximately 1 cm long. Mitochondria were isolated using media and methods previously described (9). Swelling of mitochondria was carried out at 24 C in a medium (5) (Fig. 1) , continued to swell, and after 7 min, the internal organization of the mitochondria had assumed irregular shapes and much of the matrix material was lost from the mitochondria (Figs. 7 and 13 ).
Increasing the duration of exposure to swelling conditions had a pronounced effect on the structure of mitochondria and on their ability to contract upon addition of substrate. After 7 min in swelling medium, internal disorganization was severe in both 2 and 24 C mitochondria, although the damage to 24 C mitochondria (Fig. 14) was not as severe as to 2 C mitochondria (Fig.  15) . The addition of substrate to the 24 C mitochondria resulted in contraction of some of the mitochondria, while others remained in a swollen distorted configuration (Fig. 16 ). Addition of substrate to 2 C mitochondria after 7 min in swelling medium induced the mitochondria to return to a more spherical configuration (Fig. 17) , but very few of the mitochondria regained structural integrity even approaching that of untreated mitochondria.
The differences observed in ultrastructure of mitochondria isolated from 2 and 24 C grown seedlings were reflected also in structural differences in mitochondria in cells of seedlings grown at the two temperatures (Figs. 18-21) . The in vivo mitochondria exhibited a wide variety of sizes and shapes and their internal organization differed appreciably from that observed after isolation. The cristae were more distinct and greater internal organization was evident in 24 C than in 2 C mitochondria. The mitochondrial membranes of 24 C seedlings were well preserved and distinct after KMnO4 fixation, whereas mitochondrial membranes in 2 C seedlings fixed in KMnO4 were hardly visible.
These differences in mitochondrial structure in plants from the two growth temperatures are consistent with those between isolated mitochondria and are probably the basis of the differential response of warm-and cold-grown mitochondria during swelling and contraction.
Direct measurements of changes in the over-all size of the mitochondria obtained using a CoulterC(ounter showed that untreated mitochondria isolated from 2 and 24C grown seedlings were approximately the same size (Table I ). Both types of mitochondria had attained maximum increase in volume after 3.5 min in the swelling medium, although the absorbance of the suspensions continued to decrease for several more minutes (Fig. 1) , indicating that internal structural alterations continue after the mitochondria have attained maximum volume. Also, both 2 and 24 C mitochondria decreased in size upon addition of succinate, although no increase in absorbance was recorded for 2 C mitochondria. The magnitude of the contraction response was smaller in 2 C than in 24 C mitochondria after swelling for either 3.5 or 7 min, and the level of substrate-induced contraction in 24 C mitochondria decreased with increased duration of swelling (Table I ). These observations indicate that the changes in over-all volume do not correspond directly to changes in internal structure of wheat mitochondria during swelling and contraction and suggest that the two processes are at least partially independent.
DISCUSSION
The swelling and contraction characteristics of mitochondria isolated from 2 and 24 C grown Kharkov winter wheat seedlings, as indicated by light-scattering (Fig. 1) , are in accord with results previously reported for wheat and rye (9). The present investigation has shown that mitochondria from cold-hardy seedlings initially swell passively more slowly than those from unhardy seedlings, and that passively swollen 2 C mitochondria do not contract upon addition of an oxidizable substrate which readily induces contraction of 24 C mitochondria. These observations suggested that growth of plants at low temperature induces the development of mitochondria structurally different from those formed at 24 C. These results were confirmed by the present electron microscopic study. The two different types of mitochondria respond differently during exposure to swelling and contraction conditions. The increase in mitochondrial volume and decrease in electron density of the mitochondrial membranes are consistent with the decrease in absorbance observed when both 2 and 24 C mitochondria are added to swelling media. The ability of 24 C mitochondria swollen for 3.5 min to contract and become generally more electron-dense (Fig. 6 ), while extremely few swollen 2 C mitochondria are capable of contraction (Fig. 7) is also reflected in the different characteris- FIGS. 14-17. Mitochondria from 2 and 24 C grown winter wheat seedlings. (2, 4, 11) .
A comparison of results obtained from absorbance measurements, electron microscopy, and the Coulter Counter show that both over-all volume changes and internal structural modifications are involved in mitochondrial swelling and contraction.
Light-scattering measurements reliably show the direction of volume change in animal mitochondria as measured by the Coulter Counter (1), and this was confirmed in the present study for plant mitochondria. However, it was observed that the total volume change determined with the Coulter Counter occurs more rapidly than the total absorbance change. This suggests that modification of the mitochondrial cristae and matrix continues after the outer membrane has attained maximum size, and that these modifications are associated with the observed absorbance changes.
The results reported herein have demonstrated a distinct effect of growth at low temperature on the ultrastructural characteristics of isolated mitochondria, as well as on their swelling and contraction properties. Such changes, however, do not appear to affect greatly the normal respiratory functions of the mitochondria. Earlier studies (7, 10) demonstrated that 02 consumption, respiratory control, and ADP/O ratios during oxidation of aketoglutarate were not appreciably different in mitochondria from 2 and 24 C grown winter cereal seedlings. However, a marked increase in unsaturated fatty acids and a decrease in membrane transition temperatures was found in the mitochondria of cold-grown seedlings (7) . The ultrastructural alterations and changes in the substrate-induced contraction response described herein may be associated with these previously reported changes in membrane properties during growth at low temperature.
